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© Master electrical load controL 

@ A system controls power to multiple ax. lighting 
loads from both a central location and from individ- 
ual controls that are located near the loads. The 
system Includes individual waltoox dimmers (26. 28) 
that include enabling switches, a master control (21), 
and isolation means (38) to accept input signals from 
the master control and to provide output signals to 
the dimmers. In a preferred embodiment a dimmer 
also provides to the master control a signal that 
indicates the power being provided to the load that 
the cfimmer controls. Preferably, the individual con- 
trols provide linear slide dimming, in which the pow- 
der provided to a load is determined by the slider 
^position. The system permits simplified installation 
*J"and replacement of system components. Another 
system of the Invention controls electrical power to 
multiple loads from both a central location and from 
g local three-way controls. In one embodiment, the 
system includes means for sensing the power to 
each. load. That sensing capability, In turn, permits 
°the master to set all loads to the same power level, 
□.simultaneously, regardless of their original level. The 
UJ focal controls may be standard three-way dimmers 
or switches. 
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BACKGROUND OF THE INVENTION 



1. Field of the Invention 

This invention relates to a system for control- 
ling power to multiple AC lighting loads from both 
local controls and a central location. 



2. Description of the Related A rt 

Systems are known for controlling lighting 
loads from both a master control and from local 
controls that are near the loads. 

Remote control master switching systems are 
available from General Electric. These systems in- 
clude master selector switches to provide individual 
local control or master control. A similar system is 
available from Touch-Plate International. Inc., of 
Emeryville. CA 

Centrally-controlled dimming systems are avail- 
able from LiteTouch. Inc. and from Electro Controls 
Inc.. both of Salt Lake City. UT. 

The Touch-Plate, LiteTouch, and Electro Con- 
trols master control systems all use a remote pow- 
er control panel that contains triacs and relays to 
control (i.e., to dim or switch) the power to the load. 
The controls for the system include a centrally 
located master station and, dispersed throughout a 
building, buttons to turn the lights on and off or to 
provide "raise-lower* dimming of the lights. 
Raise/lower dimming is accomplished by pushing a 
button to raise or lower the power to the lighting 
toad. When the desired level is reached, the button 
is released. 

Another system for central dimming of lighting 
is available from Ughtoiter Controls. Secaucus. NJ. 
That system involves multiple local ("EasyseO 
controls that can provide raise/lower dimming. Mul- 
tiple Easyset dimmers can be operated through a 
single master; however, they must all be on the 
same circuit which, in accordance with the Na- 
tional Electrical Code, limits total power to 2000 W. 

The Grafik Eye* dimming control, manufac- 
tured by Lutron Electronics. Coopersburg. PA al- 
lows a number of lighting loads to be controlled 
from a central location. The power delivered to 
each load can be set by adjusting a corresponding 
actuator, or by selecting among four preset 
•lighting scenes", each scene corresponding to 
specific power levels delivered to each load. The 
system also includes auxiliary scene-select con- 
trols, which can be located throughout an area, to 



enable a user to select lighting scenes from addi- 
tional locations. 

Lutron also provides central dimming and 
switching control of multiple zones of fighting with 

s VersapJex* and Aurora* dimming systems. These 
systems do not include watibox dimmers dispersed 
to the spaces in which lighting is being controlled, 
instead requiring centraized power cabinets. 

A system available from Enercon Data Corp.. 

io of Minneapolis. MN, uses power relays, which can 
be mounted in junction boxes, throughout a build- 
ing and can be locally or centrally switched. In 
order to dim an area with this system, a standard 
dimmer may be located near the toad; however, 

15 the enabling switch that turns power to the dimmer 
on and off must be separated from the dimmer by 
a physical barrier (for reasons discussed below). 
As a result, separate dimmers and switches are 
required, increasing the number of controls on the 
' 20 wail and complicating the wiring. 

Another system, available from X-10 (USA) 
Inc., of Northvale. NJ, allows master control of a 
number of local controls wired throughout a house 
or other building. The X-10* PowerhouseTU sys- 

25 tern uses the existing poweriine carrier to send 
control signals to each of the local controls. The 
tocaJ controls interpret the signals and switch a 
power relay or adjust the power output of a dimmer 
accordingly. The system may independently con- 

30 trol up to eight local controls and has the added 
capability to turn all the local controls on or off 
simultaneously. 

A wallbox dimmer, with plural remote control 
switches is disclosed in U.S. Patent 4.563,592, 

35 issued Jan. 7, 1966, to Yuhasz et al, incorporated 
herein by reference. Trie system allows dimming of 
a lighting load from a central location, and toggle 
on/off control from a plurality of remote locations. 
Additionally, the system discloses a master control 

40 system, whereby a number of dimming controls 
can be simultaneously toggled from a master tog- 
gle switch. 

It is well known in the art to use manually 
operable multi-pole power switches (e.g.. three-way 

46 and four-way toggle switches) to turn a lighting 
load on or off from a plurality of locations. Such a 
system typically includes two three-way switches, 
connected in series between incoming hot and the 
lighting load, and any number of four-way switches 

so wired between the two three-way switches. Tog- 
gling any one of the switches causes the fight 
output to change states, (i.e. to change from on to 
off or vice versa). One drawback of these systems 
is that toggling a switch to a certain position does 
not consistently correspond to the same status of 
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the fights, either on or off . This can be a problem if, 
for instance, the light cannot be seen from the 
switch location (as is often the case with outdoor 
lighting that is controlled from within a house), 
because the user does not know if he is turning me 
fights on or off. The present invention provides 
electrically-operable three-way switches, which are 
better adapted for remote or light-touch operation 
and which permit greater design flexibility to meet 
aesthetic requirements. 



SUMMARY OF THE INVENTION 



In one embodiment of the present invention, a 
system to control electrical power from a source, 
through a plurality of three-way controls, to cor- 
responding loads, comprises, in combination: 

(a) electrically-operable three-way switch 
means for connecting and disconnecting said 
source through said three-way controls to said cor- 
responding loads, and 

(b) master control means to provide a signal 
to said switch means to determine the power pro- 
vided to said load, whereby power to each of said 
loads is selectably controlled by said master con- 
trol means or said corresponcflng three-way con- 
trols. 

In another embodiment of the present inven- 
tion, a system to control electrical power from a 
source, through a plurality of three-way controls, to 
corresponding loads, comprises, in combination: 

(a) electrically-operable three-way switch 
means for connecting and disconnecting said 
source through said three-way controls to said cor- 
responding loads, and 

(b) a plurality of master control means, each 
to provide a signal to said switch means to deter- 
mine the power provided to each of said loads, 
whereby power to each of said loads is selectably 
controlled by said plurality of master control means 
or said corresponding three-way controls. 

In another embodiment of the present inven- 
tion, a system to control electrical power from a 
source, through a plurality of three-way controls, to 
corresponding loads, comprises, in combination: 

(a) electrically-operable three-way switch 
means for connecting and disconnecting said 
source through said three-way controls to said cor- 
responding loads, 

(b) master control means to provide a signal 
to said switch means to determine the power pro- 
vided to each of said loads, and 

(c) means for sensing the power provided to 
each of said loads, whereby power to each of said 
loads is setedabfy controlled by said master con- 
trol means or said corresponding three-way con- 



trols. 

In another embodiment of the present inven- 
tion, a system to control electrical power from a 
source, through a plurality of power controls, to 
5 corresponding loads, comprises, in combination: 

(a) electrically-operable toggle switch means 
for alternately connecting and disconnecting said 
source through said power controls to said cor- 
respond^ loads, and 

io (b) master contn* means to provide a signal 

corresponding to a desired power provided to each 
of saM loads, 

(c) means for sensing the actual power pro- 
vided to each of said loads. 

is (d) means for comparing said desired power 

and said actual power for each of said loads and 
for actuating said corresponding switch means if 
said powers are not substantially equal, whereby 
power to each of said loads is selectably controlled 

20 by said master control means or said correspond- 
ing power controls. 

The system of the present invention allows a 
number of fighting loads to be controlled from a 
central master control, while permitting the loads to 

25 be dimmed from Individual local controls that are 
.near the loads. The local controls may include an 
enabling means, such as a switch, which takes 
command from the master control and enables the 
dimmer to control power to the load. An advantage 

oo of the present system over prior art systems is that 
the individual controls can be wallbox dimmers. 
These dimmers combine a power circuit an en- 
abling switch, and dimming control in a single unit, 
thus simplifying their installation and replacement 

35 In a preferred embodiment, the on/off status of the 
lighting loads can be displayed at the master con- 
trol and/or at the individual controls. 

In another embodiment the system provides 
master control of a number of three-way controls, 

40 which are preferably standard three-way switches 
or three-way dimmers. In this specification and 
appended claims, "three-way controls* are under- 
stood to bo wiring devices which have at least two 
power input or two power output fines and a switch- 

46 ing device • mechanical or otherwise - for elec- 
trically connecting an input line with an output line. 
Power to each of a plurality of loads can be turned 
either on or off for a master control or from a local 
three-way control. The master control may control 

so each lighting load independently, or control a group 
of lighting loads simultaneously (e.g., turn all lights 
either on or off}. 



55 BRIEF DESCRIPTION OF THE DRAWINGS 



Rg. 1 depicts a prior art load control system. 
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Rg. 2 is a block diagram of an embodiment 
of the present invention. 

Rg. 3 is a schematic of a dimmer compo- 
nent of the present invention. 

Rg. 4 is a schematic elements of an inter- 
face and master control of this invention. 

Rg. 5 is a schematic of elements of an 
alternative embodiment to Rg. 3. 

Rg. 8 is a schematic of elements of an 
alternative embodiment to Rg. 4. 

• Rg. 7 is a simplified schematic of an alter- 
native master control system of the present inven- 
tion. 

Rg. 8 is a schematic showing in more detail 
the master control system of Rg. 7. 

DETAILED DESCRIPTION OF THE INVENTION 



As used in the present specification and ap- 
pended claims, a lighting load consists of one or 
more lamps that are switched and/or dimmed in 
unison. In many fighting control applications, it is 
desirable to turn a number of lighting loads on and 
off from a centralized master control. In these situ- 
ations, it is often desirable,, as well, to control 
lighting levels independently at individual controls 
near the load locations. 

Rg. 1 is a schematic that shows how this dual- 
control method is accomplished in a prior art sys- 
tem (such as the Enercon Data Remote Control 
Signaling System (RCSS). Line voltage - 120V in 
the U.S. • is carried to transformer relays in junc- 
tion boxes. The relays, such as relays 10 and 10\ 
are latching relays and may latch either open or 
closed, depending on the direction of current flow 
through the secondary. The relays control the ap- 
plication of power to lighting bads, such as 14 and 
14', and may be dispersed throughout a building. 
The level of power provided to loads 14 and 14 
may be controlled by local dimmers 16 and 16'. 
respectively. Note that these circuits are "branch" 
circuits; i.e.. they carry line voltage. Switching of 
the power is accomplished by local enabling 
switches, such as 18 and 18 . and by master 
control switch 20. which turns the entire system on 
and off. As shown, the system includes two relays 
that are commonly mastered; however, additional 
relays may be included. A limitation of this system 
is that no power is supplied to dimmer 16 if relay 
10 is in the "off" mode. Before dimmer 18 can be 
operated, local enabling switch 18 must first switch 
relay 10 to the "on" position. Because of this 
limitation, any load 14 that is to be locally dimmed 
must have a local enabling switch mounted nearby. 

Because master switch 20 and the enabling 
switches do not directly control power to a load, 
the wiring to enabling switches 18 and 18' and to 



master switch 20 may be "Class 2" (as defined in 
the National Electrical Code). Class 2 circuits gen- 
erally carry lower voltages and have certain power 
Imitations • power is either inherently limited, thus 

5 requiring no overcurrent protection, or is limited by 
a combination of a power source and overcurrent 
protection. Dimmer 16 and switch 18 may both be 
located In the same area; however, since the dim* 
mer is supplied by a branch circuit and the switch 

to by a Class 2 circuit the National Electrical Code 
requires that the circuits be separated by a phys- 
ical barrier. The system of the present invention 
eliminates the need for this physical barrier be- 
tween the local dimmer and enabling switch and 

is permits the dimmer and switch to be in a proxi- 
mate relationship in a single wallbox, as described 
below. The present invention also simplifies wiring 
and permits one waH control device to perform 
both dimming and switching, combining the func- 

20 tions of the enabling switch and the local dimmer. 
The level of power to each load can be adjusted by 
its corresponding dimmer, regardless of the state 
of any other switches -master or otherwise - in the 
circuit 

25 Rg. 2 depicts an embodiment of the present 
invention. A master control panel 21 includes push- 
button switches 22 to control a number of dis- 
persed lighting loads. Optionally, each switch has a 
corresponding indicator 24 that shows whether 

oo power to that load circuit is on or off. The indica- 
tors can be any of a number of devices, well known 
in the art that show system status, such as pilot 
lights, analog indicators, liquid crystal displays, etc. 
A preferred way of indicating system status com- 

35 prises LED lamps that are bright when power to the 
controlled circuit is on and either dim or off - 
whichever is preferred - when power to the con- 
trolled circuit is off. Indicators 24 in Rg. ? are 
LEDs. 

40 Wallbox dimmers 26 and 28 control lighting 
loads 26L and 28L. respectively. For illustrative 
purposes these loads are symbolically depicted as 
being incandescent lamps, however, they can as 
well be gas discharge lamps, low voltage incandes- 

45 cent lamps, inductive motors, or any other type of 
lamp or load well known in the art 

Dimmer 26 houses a conventional dimming 
circuit and an enabling means. Optionally, dimmer 
26 includes an actuator slider 30 and an enabling 

50 push-button 32, contained in slider 30, which op- 
erates to enable the power control function of dim- 
mer 26. Once dimmer 26 is enabled by push- 
button 32, the position of slider 30 instantaneously 
determines the power provided through the dim- 

59 ming circuit to load 26U i.e., the amount of power 
is determined by the slider setting. If a different 
power level is desired, the slider can again be 
moved to adjust the power. Alternatively, the slider 
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can be moved to a desired setting while power to 
the toad remains off. Depressing the push-button 
then gives the desired power level. In another 
embodiment there can be more than one dimmer 
controlling a lighting load. In that case, the push- 
button Is depressed to take control of the power to y 
the toad at that dimmer. As before, depressing the 
push-button provides to the load a value of power 
that is determined by the slider setting. Optional 
Indicator (amp 34 lights when power to the load is 
on and is either dim or off, whichever is preferred, 
when power to the load is off . A schematic of the 
circuitry of dimmer 28 is shown In Rg. 3 and is 
discussed later. Dimmer 28 can be a different type 
of dimmer, in which moving slider 38 automatically 
enables dimmer 28 to control power to toad 28L 
Thus, moving slider 38 to the desired setting will 
instantaneously provide the desired power level, 
whether or not dimmer 28 Is Initially in control of 
the power. A mechanism tor accomplishing this 
function is disclosed in U.S. Pat 4.689347. issued 
August 25, 1987, to M. Rowen et ai. 

Independent dimmer controls 28 and 28 com- 
municate with master control 21 through interface 
38. Interface 38 isolates input signals SI, which 
come from master control 21, from line-poweHevel 
output signals S2. which go to the local controls. 
Preferably, the signals between master control 21 
and interface 3a including optional system status 
signals S3, are tow voltage signals and are carried 
by Class 2 circuits, defined earlier. 

Master control 21 and Interface 38 may be 
housed separately, as shown in Rg. 2, or. if de- 
sired, may be combined within a single housing. 
Output from interface 38 may optionally power 
multiple-dimmer systems (i.e., multiple dimmers in 
a singie enclosure). For example, multiple-dimmer 
control 40 controls power to a number of Ighting 
loads, 40W. 40X. 40Y. 402, each of which can be 
adjusted independently. Note that separate power 
lines A, B, and C provide power to controls 28. 28. 
and 40, respectively, even though these controls 
are all commonly "mastered" (by master control 
21). If these controls power lighting toads, the Na- 
tional Electrical Code limits these circuits to a 
maximum of 16A (-2000W maximum power) each. 
However, additional circuits could be present all 
controlled by master control 21. The National Elec- 
trical Code also prohibits circuits that permit cur- 
rent flow from me load side of one circuit protector 
(e.g. breaker) to the load side of another circuit 
protector. Thus, when more than 2000W is to be 
controlled, more than one circuit is required. Some 
prior art systems that are commonly mastered 
(such as the Ughtofier Easy set) do not include 
isolation between the mastering and power func- 
tions, which is provided by interface 38 in the 
present invention. Thus, all commonly-mastered 



loads are supplied from a single power line, and ail 
lighting loads are limited to a combined total of 
about 2000W. Although the description of the con- 
trol system of this invention has focused on lighting 
s loads, the loads controlled by the system may also 
include non-lighting loads, such as fans, motors, 
etc. 

Besides serving to isolate the low voltage sig- 
nals of the master control from the line voltage 

;o signals to the dimmers and other controls, interface 
38 can optionally accept inputs S4 from auxiliary 
sources, schematically depicted as 42 and 44. 
These sources may include timectocks, occupancy 
sensors, security systems, and other devices, re- 

75 lated to lighting control or unrelated. 'These inputs 
may be switch closures or electrical inputs. The 
inputs may also be radiated inputs, such as in- 
frared or radio frequency signals (exemplified by 
S5 from transmitter 48). that are detected by sen- 

zo sor 48 on the Interface. These auxiliary sources . 
can. in turn, interact with the master control and, 
indirectly, with the independent dimmers; thus, 
these auxiliary sources can control and/or be con- 
trolled by the other devices that are connected to 

25 the master control. 

Rg. 3 is a schematic of an embodiment of 
wallbox dimmer 28. Controiiabiy conductive device 
50 (depicted as a triac) provides to a toad power 
that is determined by a phase angle set by poten- 

oo tiometer 52 of phase control circuit 5f Relay con- 
tacts 58 and 60 are part of a double pole, double 
throw latching relay. Movable poles 62 and 84 of 
relay contacts 58 and 60, respectively, move in 
tandem when relay coil 74 la pulsed. When an- 
as abling switch 58 is depressed, capacitor 78 dis- 
charges through relay coil 74 and switch 5a. Thus, 
relay coil 74 Is energized In the polarity shown, 
moving pole 64 of relay contacts 60 to position 70. 
Simultaneously, pole 62 of relay contacts 58 moves 

40 to position 68. This configuration constitutes a dim- 
mer "on" condition, since triac 50 is periodically 
gated on by phase control circuit 54 through the 
switch closure provided by contacts 56. Note, that 
capacitor 78 will now charge in a polarity opposite 

45 to that shown, through resistor 78 and diode 80. 
The power to charge capacitor 78 is derived from 
AC power source 84 through load 26L when triac 
50 Is in its non-conducting state. {Typically, in a 
phase control dimming circuit the triac has a brief 

so non-conducting period at the beginning of each half 
cycle, even when the dimmer is set at full power.) 
When switch 58 is depressed again, capacitor 78 
discharges through relay coil 74. causing poles 64 
and 62 to move to positions 72 and 68, respec- 

55 tively. Triac 50 is now disconnected from phase 
control circuit 54, and the dimmer is in an "off" 
state. Simultaneously, diode 82 is switched in se- 
ries with resistor 78 and capacitor 78, which 
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charges capacitor 78 in the polarity shown. Thus, 
consecutive closures of switch 58 alternately 
switches dimmer 26 on and off. Lines 86 and 88 
connect dimmer 28 to interface 38. 

Fig. 4 depicts an embodiment of circuits that 
perform the functions of master control 21 and 
interface 3a 107 is the circuit associated with each 
input/output pair of interface 38. 104 is the circuit 
associated with each input/output pair of master 
control 21. D.C. voltage (V + ) is applied across 
LEO 24 and relay 108. Switch 22, when closed 
momentarily, energizes relay coil 98, which closes 
switch 94 (which is a relay contact) for as long as 
switch 22 is held closed. This closure of switch 94 
discharges capacitor 78 in dimmer 28 (see Fig. 3) 
through relay coil 74, toggling dimmer 28 on or off. 
Note that switches 94 and 58 (in dimmer 26) have 
similar effects. 

When dimmer 28 is in the "on" state, capacitor 
78 is charged opposite to the polarity shown, line 
88 is positive with respect to Hne 88 and current 
flows through LED 90 and resistor 92. Light emitted 
by LED 90 causes photo-transistor 96 to conduct 
current through LED 24 and resistor 100. 

When dimmer 26 is off, line 88 is positive with 
respect to line 86, LED 90 emits no light and 
transistor 96 permits no current to flow through 
LED 24. LED 24 thus works as a pilot light for 
dimmer 26. and switch 22 acts as an on/off switch 
for dimmer 26. 

Isolation region 106, shown in Crosshatch, is 
bridged by relay 108 and optocoupler 110. These 
devices are selected to meet the requirements of 
the National Electrical Code for 2500V of isolation 
between inputs and outputs. Relay model #G6B- 
114P-US-12V. manufactured by Omron Corporation 
of Japan, and optocoupler model #4N25, manufac- 
tured by General Electric are typical of devices 
that meet this requirement Although relay 108 and 
optocoupler 110 work equally well at transmitting 
orvoff signals through isolation region 106. op- 
tocoupler 100 has some advantages when more 
complex signals are transmitted. Since an op- 
tocoupled transistor is a linear device when op- 
erated in its active region, analog signals (such as 
intensity levels) can be transmitted from input to 
output through the isolation region. Transistors are 
also inherently much faster than relays; thus, much 
higher data rates are possible. 

Fig. 5 shows a variation of dimmer 26 that can 
communicate with a master control means via ana- 
log signals. Source 84. triac 50 ', load 26L*. diode 
82 . resistor 76*. potentiometer 52 \ and capacitor 
78' are substantially similar to the correspondingly 
numbered elements of Fig. 3. Phase control circuit 
54 is designed to accept a variable DC voltage as 
an input to set the firing angle of triac 50 . This is 
accomplished with any commonly available phase 



* control Integrated drcuit such as the U208B manu- 
factured by Telefunken, Inc. Switch 58* is in series 
with the wiper of potentiometer 52'. so that closing 
switch 58' transmits to phase control circuit 54' the 

s voltage present on the wiper of potentiometer 52'. 
Line 126 provides an alternative input to 54' that 
allows master control 21 to control the firing angle 
of triac 50. Circuit 54' supplies a variable DC 
voftage between Knes 86' and 88' which is propor- 

w tional to the voltage supplied to load 26L'. Zener 
diode 124 regulates the voltage across capacitor 
78' and potentiometer 52'. Regulation Is desirable 
here, since 54' Is a voltage controlled drcuit 

Fig. 6 shows the interface and master control 

is schematics that are associated with dimmer 26' of 
Fig. 5. LED 24, switch 22. optocoupler 110\ resi* 
tor 92', resistor 100. and isolation 106' are sub- 
stantially similar to the correspondingly numbered 
elements of Fig. 4. Between lines 86 and 88' is a 

20 variable DC voltage that is controlled by dimmer 
26' and js proportional to the voltage supplied to 
load 26L'. This variable DC vottape varies the cur- 
rent flowing through LED 90 and, therefore, 
through transistor w\ and LED 24. Thus, the 

25 brightness of LED 24' on master control 21 will 
vary in proportion to the brightness of load 261. 
Alternatively. LED 24' could be a linear array of 
LEDs that successively light as the power to load 
26L is increased. Master switch 22' is connected 

oo in series with the wiper of potentiometer 128. resis- 
tor 132 and LED 130 of optocoupler 138. The 
current through LED 130 is thus determined by the 
wiper position of potentiometer 128. when switch 
22' is closed. Thus, a variable DC current deter- 

35 mined by the wiper position of potentiometer 128 
Mows through transistor 134 and line 126 into dr- 
cuit 54' (fig. 5) to control the firing angle of triac 
50. 

As shown in Fig. 6. LED 90. resistors 92' and 
40 138, and phototransistor 134 are in electrical con- 
tact with lines 88', 88, and 126, which are in 
contact with various circuit components of dimmer 
26 (see Fig. 5). Since they are in electrical con- 
nection, these circuit components could be de- 
45 signed to exist inside of dimmer 28'. Similarly. LED 
130, resistors 132 and 100 . and phototransistor 96* 
could be designed to exist inside a master control, 
since they are in electncal .connection with circuit 
104' of a master control. The only system compo- 
se nent that would remain would be isolation 106'. 
This isolation could be accomplished by using fiber 
optic cable to connect phototransistor 134 and LED 
90' (now of dimmer 26 ) to LED 130 and photo 
transistor 96', respectively (now of a master con- 
55 trol). fiber optic cables are electrically non-conduc- 
tive and therefore meet National Electrical Code 
requirements for isolation. The communication be- 
tween dimmer 26' and a master control would thus 
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be in the form of light signals transmitted through 
fiber optic cables* 

Fig. 7 shows another embodiment of the 
present invention for master control of standard 
three-way controls, such as three-way switches and 5 
three-way cfimmers. Power to loads 150 and 150 • 
(and additional loads, not shown) can be turned 
either on or off from master control 155 or from 
local, three-way controls 154 and 154'. Preferably, 
master control 155 can control each lighting load io 
Independently or control a group of lighting loads 
simultaneously (e.g. turn all Ights either on or off). 
Master control 155 may further Include a dimming 
circuit for controlling the level of power delivered to 
each load. The dimming circuit may be of any type is 
well known In the art, such as that shown In Fig. 8 
of U.S. Patent 4,563,5% issued January 7, 1986, 
referred to earlier. Additionally, the present inven- 
tion allows for any number of four-way switches to 
be added to the three-way circuit in a standard "n- 20 
way wiring scheme" (four-way switches electrically 
connected in series between three-way switches). 
For example, power to load 150' can be turned on 
or off from any one of a number of local controls 
154' and 157 or from master control 155. 2s 

Local controls 154 and 154' are preferably 
standard three-way or four-way switches (such as 
standard wall mounted toggle switches), or three- 
way dimmers; however, any wiring device having 
three-way or four-way switching capability may be 00 
used. A standard three-way dimmer is essentially 
identical to a single location dimmer except that 
the three-way dimmer includes a three-way switch 
for switching between power lines (such as power 
supply fines 159 and 163). Alternatively, a single as 
location dimmer can be used in conjunction with 
three-way or four-way switches. The dimmer may 
be a rotary type or, preferably, a linear sBde type, 
in which power to the load corresponds to the 
position of a dimming adjustment actuator. It may 40 
have a separate button or knob for actuating the 
three-way switch, or the button may be integral 
with the dimming adjustment actuator. Alternatively, 
the dimming adjustment actuator may operate the 
three-way switch at a predetermined position, such <s 
as full-on or ruihofr. A tocai control may also con- 
stitute a "multi-zone " (multiple load) dimmer that 
permits power to a plurality of lighting loads to be 
adjusted by selecting among a variety of preset 
lighting levels. so 

Additional master controls can be used to con- 
trol lighting loads throughout a building. Typical 
locations for master controls in a residential ap- 
plication may include, for example, the master bed- 
room, the entrance had, and the living room. The ' 55 
master control may be wallbcx-moun table or it may 
be portable and remote, such as a wireless remote 
transmitter, for instance (described in copending 



U.S. Application Ser. No. 079.847, filed Jury 30. 
1987, Incorporated herein by reference). Master 
control 155 preferably has a number of push-but- 
tons, each corresponding to a particular fighting 
load, and additional buttons capable of simulta- 
neously turning a preselected group of Ights on or 
off. Optionally, each button has an indicator that 
shows whether power to the corresponding lighting 
load is on or off . The indicators can be any of a 
number of devices, weH known in the art that show 
system status, such as pilot Ights, analog indica- 
tors, liquid crystal displays, etc A. preferred way of 
Indicating load status is an array of LEO lamps that 
are bright when power to the corresponding load is 
on and either dim or off - whichever is preferred - 
when power to* the load is off. 

Optionally, master control 155 may include a 
"lock-out" function that enables a user to disable 
the local controls, thus preventing the fights from 
being changed at a local control This can be 
useful if, for instance, local controls 154 and 154' 
are in a public space (such as a school or a 
library), because it prevents unauthorized users 
from turning the fights on or off. Momentary switch- 
es 158 and 160 (discussed below) would perform 
the lock-out function If they were maintained, rather 
than momentary switches. 

Power to load 150 is determined by the posi- 
tions of pole 153 of relay 1 and pole 155 of focal 
three-way control 154 (Similarly with load 150' and 
poles 153' and 155'). Relays 1 and 2 are latching- 
toggle relays (commonly called alternate-action im- 
pulse relays). A latching- toggle relay is a particular 
type of electrically-operable switch, suitable for the 
present invention. Such a relay generally has con- 
tacts (e.g.. 152) that are controlled by a magnetiz- 
ing coil (e.g. 164). Energizing the coil causes the 
pole to switch positions. Preferably, contacts 152 
and 152' are changeovers contacts (as illustrated) 
to enable three-way switching between two op- 
posite contacts. Alternatively, any controllabhy con- 
ductive device or switching circuit that can switch 
between power lines can be used, including thyris- 
tors. diode networks, and optically coupled transis- 
tors. 

For convenience, relays 1 and 2, and the ac- 
companying control circuit are contained in inter- 
face panef 165. which can be mounted in. an elec- 
trical closet or basement. Alternatively, the relays 
and the accompanying control circuit may be in- 
tegrated into master control 155. For illustrative 
purposes, local controls 154 and 154' are shown as 
simple three-way switches; however, they may al- 
ternatively comprise a plurality of three-way and 
four-way switches, or a three-way dimmer, or any 
other wiring device having three-way or four-way 
switching capability. With contacts positioned as 
shown, the power provided to load 150 is essen- 
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tiaNy zero, because pole 153 of relay 1 and pole 
155 of control 154 are on opposite contacts. Power 
to load 150 is on because the respective poles of 
relay 2 and control 154' are on the same contact 

Master control 155 sends control signals cor- 
responding to desired load states to interface panel 
165. which controls the power provided to loads 
150 and 150\ Control signals are preferably mo- 
mentary switch closures; however, signals such as 
electrical pulses, infrared, radio frequency, or ultra- 
sound may also be used. Signals may also be 
digitally encoded, multiplexed, amplitude modulat- 
ed, or encoded by any other suitable encoding 
scheme. Actuating momentary contacts 158 and 
156' alternately turns power to loads 150 and 150* 
on and off, respectively. Actuating momentary con- 
tacts 158 and 160 simultaneously turns ail loads on 
and off, respectively. Optionally, master control 155 
may include a dimming circuit for controlling the 
level of power provided to each load. 

Interface panel 165 is supplied by low voltage 
DC from transformer 161 and full-wave bridge 162 
and is electrically isolated from the line- voltage 
applied across loads 150 and 150'. The circuit 
operates as follows: Latching-toggle relay 1 is tog- 
gled (pole 153 is switched and latched to the 
opposite contact) when DC current flows through 
corresponding relay 1 coil 164. Similarly, current 
through relay 2 coil 164' causes relay 2 to toggle. 
The direction of current flow through the coil does 
not affect the operation of the toggle relay, as the 
pole alternately switched from one contact to the 
other whenever the coil is energized. To turn load 
150 on, for example, momentary contact 156 is 
actuated, allowing DC current from full-wave-bridge 
162 to flow through relay 1 coil 164, thus toggling 
relay 1 pole 153 to the opposite contact Power will 
then flow to load 150, because the respective poles 
153 and 155 are on the same contact In order to 
turn load 150 off again, momentary contact 156 is 
again actuated. Current flows through relay coil 
164, switching pole 153 back to its original position, 
thus blocking power to load 150. Thus, actuating 
momentary contact 156 toggles relay 1 and al- 
ternately turns corresponding load 150 on and off. 
Similarly, load 150' can be alternately turned on 
and off by actuating momentary contact 156 . 

Preferably, loads 150 and 150 (and additional 
loads not shown) can also be turned on or off 
simultaneously by actuating momentary contact 
158 or 160. respectively. Actuating "ail-on* mo- 
mentary contact 158 sends a control signal to 
interface panel 165 instructing it to turn loads 150 
and 150* on. To accomplish this, pole 153 must 
switch contacts to apply power to load 150. and 
pole 153* must not switch contacts since load 150' 
is already on. Similarly, actuating "ail-off" momen- 
tary contact 160 sends a control signal to interface 



panel 165 instructing it to turn loads 150 and 150' 
off. Pole 153 must not switch contacts, since the 
corresponding load 150 is already off, and pole 
153' must switch contacts to remove power from 

6 load 150. In order to decide which relays should 
toggle and which should not the circuit accounts 
for the state of each load, using non-latching relays 
A and B as follows: First considering load 150, 
relay A coil 168 is connected across power supply 

jo Ones 159 and 163. Current flows through coil 168 
when poles 153 and 155 are on opposite contacts 
(power off) and no current flows when the cor- 
responding poles are on the same contact (power 
on). The impedance of coil 168 is preferably much 

;s greater than the impedance of load 150, so that 
essentially zero power is provided to load 150 
when poles 153 and 155 are on opposite contacts 
(power off). 

Since coil 168 and contacts 166 of relay A are 

20 electromechanical^ coupled, current flowing 
through relay A coil 168 switches relay A pole 167 
to the normally open position. When current does 
not flow, pole 167 switches to the normally dosed 
position. As shown, when power to load 150 is off, 

25 pole 167 is in the normally open position. If ail-on 
momentary 158 is now actuated, a DC current 
flows through diode 171, contacts 166, and relay 1 
coil 164, causing relay 1 contacts 152 to toggle. 
Power is then provided to load 150 and current 

oo through relay A coil 168 ceases, causing relay A 
pole 167 to switch to the normally closed position. 
With pole 167 in the normally closed position, 
actuating momentary contact 158 ("ail on") does 
not affect the flow of power to load 150; however, 

35 actuating momentary contact 160 ("all off") re- 
moves power from load 150 by providing a current 
through relay 1 coil 164, which causes relay 1 pole 
153 to toggle back to the position shown in Fig. 7. 
When that position is reached, current is passed 

40 through relay A coil 168, causing relay A pole 167 
to switch back to the normality open position. At 
that point, with pole 167 in the normally open 
position, actuating momentary contact 160 has no 
effect on power to load 150. which remains off. 

45 The operation of load 150 by momentary 
switches 158 and 160 is exactly analogous to that 
described above for load 150. 

The sensing of load status, which is required 
for the operation of the "all on" and "all off" 

so switches, does not necessarily require the relay 
scheme depicted in Rg. 7 and described above. 
Instead, load status sensing could be accomplished 
with an impedance device (such as a sensing re- 
sistor), a current transformer, a diode network, or 

55 an optically coupled device (such as a transistor, 
triac, or SCR) etc. An optically coupled transistor 
has the advantage that it also provides Isolation 
between master control 155 and the corresponding 
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loads. Load status can also be determined by 
detecting the presence of a conduction path from 
the voltage source to the toad or by sensing the 
positions of relay poles 153 and 153', and of cor- 
responding poles 155 and 1 55'. Alternatively, con- 
trol could be either analog or digital, with a logic 
circuit used in place of relays A and B to energize 
relay coils 164 and 164'. Relay contacts 168 and 
166 can alternatively be replaced with controllabiy 
conductive devices such as transistors or silicon 
controlled rectifiers. 

Rg. 8 is an electrical schematic showing, in 
more detail, the master control system of Rg. 7. 
Power to loads 150 and 150' is controlled, respec- 
tively, by latching-toggle-relays 152 and 152', and 
by local three-way controls 154 and 154'. The 
circuit operates substantially fflce the circuit shown 
in Fig. 7 with the exception of the control circuitry 
in Interface panel 165, and the added LED load 
status indicators 180 and 180'. Interface panel 165 
is suppfied by tow voltage from transformer 161, 
which electrically isolates interface 165 and master * 
control 155 from in* voltage applied across loads 
150 and 150. 

The control circuitry operates as follows: Ac- 
tuating momentary contact 158 allows current to 
flow through diode 198. resistor 193. zener cBode 
184, dtode 182, and resistor 186 to charge capaci- 
tor 18a Capacitor 188 discharges through resistor 
190 into the base of transistor 192, turning it on. 
DC current flows from full-wave bridge 162 through 
relay 1 coil 164, toggling relay 1 pole 153 and 
providing power to load 150. In order to turn load 
150 off again, momentary contact 156 is again 
actuated, charging capacitor 188 and turning on 
transistor 192. Current flows through relay 1 coil 
164, switching pole 153 of relay 1 back to its 
original contact, thus blocking power to load 150 
(as shown). Similarly, load 150 can be alternately 
turned on or off by actuation of momentary contact 
156'. Optional PTC resistors 193 and 193 limit the 
current through contacts 156, 166 and 156', 166' 
respectively, in case of an accidental miswire. As 
discussed above. AC current flows through relay 
coils 168 and 168' when the corresponding relay 
and switch poies are on opposite contacts (power 
off), and no current flows when the corresponding 
poles are on the same contacts (power on). As 
shown, when power to load 150 is off. pole 167 is 
in the normally open position. Similarly, when pow- 
er to load 150 is on, pole 167' is In the normally 
closed position (as shown). 

Actuating the all-on momentary contact 158 . 
causes current to flow from transformer 161 
through diode 171 and relay A contacts 166, charg- 
ing capacitor 188 through resistor 186. Capacitor 
188 discharges to the base of transistor 192, turn- 
ing it on. Diode 182 keeps capacitor 188 from 



discharging through resistor 188 during the. nega- 
tive half cycle of power flow from transformer 161. 
DC current flows from full-wave bridge 162 through 
transistor 192 and relay 1 coil 164, which toggles 

s relay 1. causing power to be applied to load 150. 
Since relay B pole 167' Is in the normally closed 
position, capacitor 188' cannot charge up and tran- 
sistor 192' remains off, preventing current from 
flowing through relay 2 coil 164'. Thus, load 150 

w remains on. 

Actuating the ail-off momentary contact 160 
causes current to flow from transformer 161 
through diode 172' and relay contacts 166 . charg- 
ing capacitor 188' through resistor 188'. Capacitor 

19 188' discharges Into the base of transistor 1 92 . 
turning It on. Diode 182' keeps capacitor 188' from 
discharging back through resistor 186 during the 
negative half cycle of power flow from transformer 
161. DC current flows from fuli-wave-brkJpe 182 

to through transistor 192' and relay 2 coil 164 r which 
toggles relay 2, causing power to be removed from 
load 150. Since relay A pole 167 Is in the normally 
open position, capacitor 188 cannot charge up and 
transistor 192 remains off, preventing current from 

28 flowing through relay 1 coil 164. Thus, load 150 
remains off. 

As discussed above, relay poles 167 and 167 
are in the normally closed position when power is 
being provided to load 150 and 150, respectively 
30 (because no current flows through the correspond- 
ing relay coils 168 and 168'). If desired, therefore, 
toad status can be provided by an electrical signal 
that passes through contacts 166 and 166' (when 
they are in the normally closed position), providing 
as power to LED 180 and 180. respectively. The 
LEDs are off when the corresponding loads are off. 
Alternatively, the LED may be dim to indicate that 
the corresponding load is off or the brightness of 
the LED may correspond to the level of power 
40 provided to the load. Resistors 194 and 194' Hmit 
the current through LEDs 180 and 180 respec- 
tively. Diodes 196 and 196' prevent reverse voltage 
from being applied across the LEDs, which could 
damage them. DC power to the LEDs is provided 
45 through transformer 161, diode 202, and Zener 
diode 204. Diode 202 and Zener diode 204 rectify 
and drop the transformer voltage for application 
across LEDs 180 and 180. Zener diode 184 pre- 
vents current flowing through Zener diode 204 from 
so flowing through the base of transistor 192. To ac- 
complish this, the combined breakover voltages of 
Zener diodes 184 and 204 preferably exceed the 
maximum voltage provided by transformer 161. 
Similarly. Zener diode 184' prevents current flow- 
66 ing through Zener diode 204 from flowing through 
the base of transistor 192. 

With load 150' on, as shown, when toggle T56 
Is actuated, diode 188 prevents the LED current 
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from flowing through the 156' contacts. Diode 198 
similarly protects the toggle 156 contacts. 

Since certain changes may be made in the 
above apparatus without departing from the scope 
of the invention herein involved, it is intended that 
all matter contained in the above description or 
shown in the accompanying drawings snail be in- 
terpreted in an illustrative and not a limiting sense. 

Claims 

1. A system to control power from an ax. line 
to a plurality of loads, including fighting loads, 
comprising, in combination, 

a) a plurality of wallbox dimmers, each con- 
trolling power to one of said fighting loads, each of 
said dimmers comprising, in proximate relationship, 

i) a dimming circuit to control power to said load, 

ii) dimmer control means to provide a dimmer 
control signal to said dimming circuit for determin- 
ing power to said load, and 

iii) switch means in electrical communication with 
said dimming circuit to turn power to said load off 
and on to a level determined by said dimming 
circuit 

b) master control means to provide, for each 
of said loads, a master control signal for determin- 
ing power to said load; and 

c) isolation means to accept said master 
control signals from said master control means and 
provide output signals to corresponding dimming 
circuits. 

2. The system of claim 1 in which said dimmer 
control means comprises an actuator posfflonabte 
for varying the power provided through said dim- 
ming circuit to said load. 

3. The system of claim 1 further comprising 
means for directing to said dimming circuit said 
dimmer control signal or said master control signal, 
whichever is provided last 

4. A system to control power from an ax. line 
to a plurality of loads, including fighting loads, 
comprising, in combination, 

a) a plurality of wallbox dimmers, each con- 
trolling power to one of said lighting loads, each of 
said dimmers comprising, in proximate relationship, 

i) a dimming circuit to control power to said load 
and 

ii) switch means in electrical communication with 
said dimming circuit to turn power to said load off 
and on to a level determined by said dimming 
circuit 

b) master control means to provide, for each 
of said loads, a signal to turn power to said load off 
and on to a level determined by said dimming 
circuit and 

c) isolation means to accept said signals 



from said master control means and provide output 
signals to corresponding dimming circuits. 

5. A system to control electrical power from a 
source, through a plurality of three-way controls, to 

5 corresponding loads, comprising, in combination: 
a) electrically-operable three-way switch means for 
connecting and disconnecting said source through 
said three-way controls to said corresponding 
loads, and 

w b) master control means to provide a signal to said 
switch means to determine the power provided to 
said load, 

whereby power to each of said loads is setectably 
controlled by said master control means or said 
rs corresponding three-way controls 

6. The system of claim 5 wherein said plurality 
of three-way controls comprises a three-way dim- 
mer. 

7. The system of claim 5 wherein said master 
20 control means is adapted to independently control 

the power delivered to each of said loads. 

a The system of claim 5 wherein said master 
control means is adapted to substantially simulta- 
neously turn on or off the power delivered to said 
as loads. 

9. The system of claim 5 wherein said master 
control means comprises means for indicating the 
power delivered to said loads. 

10. The system of claim 5 wherein said switch 
oo means comprises a latching alternate-action relay. 

11. A system to control electrical power from a 
source, through a plurality of three-way controls, to 
corresponding bads, comprising, in combination: 

a) electrically-operable three-way switch means for 
35 connecting and disconnecting said source through 

said three-way controls to said corresponding 
loads, and 

b) a plurality of master control means, each to 
provide a signal to said switch means to determine 

40 the power provided to each of said loads. 

whereby power to each of said loads is setectably 
controlled by said plurality of master control means 
or said corresponding three-way controls. 

12. The system of claim 1 1 wherein said switch 
45 means comprises a three-way relay. 

13. A system to control electrical power from a 
source, through a plurality of three-way controls, to. 
corresponding loads, comprising, in combination: 

a) electrically-operable three-way switch means for 
so connecting and disconnecting said source through 

said three-way controls to said corresponding 
loads. 

b) master control means to provide a signal to said 
switch means to determine the power provided to 

55 each of said loads, and 

c) means for sensing the power provided to each 
of said loads, 

whereby power to each of said loads is setectably 
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controlled by said master control means or said 
corresponding three-way controls. 

14. The system of claim 13 wherein said power 
sensing means comprises a relay coil. 

1 5. A system to control electrical power from a 5 
source, through a plurality of power controls, to 
corresponding loads, comprising, In combination: 

a) eJectricalfy-operable toggle switch means for al- 
ternately connecting and disconnecting said source 
through said power controls to said corresponding to 
loads, and 

b) master control means to provide a signal cor- 
responding to a desired power provided to each of 
said loads, 

c) means for sensing the actual power provided to is 
each of said loads, 

d) means for comparing said desired power and 
said actual power for each of said loads and for 
actuating, said corresponding switch means if said 
powers are not substantially equal, 20 
whereby power to each of said toads is sefectaWy 
controlled by said master control means or said 
corresponding power controls. 

16. The systejrn of claim 15 wherein said power 
sensing means comprises a relay coil. *s 

17. The system of claim 15 wherein said com- 
paring means comprises a non-latching three-way 
relay. 
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